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SOLUBILITY OF GASEXIUS HYDROCARBONS IN AQUEoUs SOLUTIONS: INITIAL. 

MFCMHEH FOR PROPANE ADSORPTION ON PLATIHUM 

Dorothy D. Williams, John A. Christopulos, and Gabriel J. DiMas i  

Power Sources Mvlsion, Electronic Components Laboratory 
UsAEc(3H, Fort Mornnouth, New Jersey 

E h r l y  methods for t h e  detelmination f gaseoue hydrocarbon solubi l i ty  in aqueous 
Basically, the s t a t i c  technique in- solution were basad on s t a t i c  

volvea bringing together an excess volume of gas and a measured quantity of gas-free 
advent in an equillbrium ce l l ,  which is rocked for several houre t o  a t t a i n  gas- 
solution e i l l b r i m .  
te-quea? however, appears t o  lack precision becomes unwieldy. Therefore 

inert &ae-stripping techniques t o  isolated samples of gaseous hydrocarbon-saturated 
solutions. Collection of t h e  e t r i  ped gaeeous hydrocarbons was =de on various 
adsorbents at reduced temperature f - 8 0 . ~ ) .  The hydrocarbons subsequent release 
was effected by mising t h e  tempedxre  allowing the sample t o  be swept into a 
gbs-llquld chrmPstogmph (GLC). 
Linnebau was found sat isfactory for measurement of t race quantities of gas 
diesolved In solution, however, a desirable gas-saturation chamber vas lacking. 
Thua it y a ~  necessary t o  develop a new dynamic method for gas-saturating aqueow 
solutioas ( e l e c t m m e s )  which simulates gae-saturation as it exis ts  in f i e 1  cel ls .  
The tachnique described herein is being used t o  detennine so lubi l i t i es  of gaseous 
hyamcarbons (propane) in the  following f u e l  c e l l  electrolytes: perchloric, 
sulfuric, phosphoric, and tr if luoroacetic acids a t  1 molar concentrations. 
Solubi l i t iee  of prapsnc in these electrolytes w e r e  used in conjunction wlth propane 
sdeorption m t e  data obtained through l inear  anodic sweeps6 t o  elucidate the 
mechanism of i n i t i a l  propane adsorption on smooth platinum. 

Subeequent removal of t h e  dissolved gas by manometric 

nethode for hydrocarbon solubi l i ty  determinations 9% w e r e  developed which applied 

This GLC technique as developed by Swinnerton and 

A H e w l e t t - p a c b a r d  Model 5750 gaa chramatogmph equipped with dual flame 
ionization and t h e m  conductivity detectors was used. A s i x  foot column packed 
with Chromaorb W coated with dilsodecyl phthalate was used for the  analysis and 

v helium wan auployed ae carrier gc18. 
was obtained irap p h l l l l p e  Petroleum C-ny. 
of electrolyte and subsequent collection of dissolved propane is shown in Fig. 1. 

Propane is firet humldlfied by passing through a glass-jacketed scrubber (A )  
The hmldified 

Research &e propane (99.9 mole percent) 
The apparstus for propme saturetion 

havingthe scrmc electrolyte and temperature as the  t e s t  solution. r 150 ml) .  The gbe t r a i n  c o n t i m e  through l i n e  D and 3-way valves 1 and 2 t o  a 
ldr ml jacket& saturation-stripping chamber ( E )  containing 84 mle of electrolyte. 
Thus, a voluw corresponding t o  20 ml is reserved for propane during t rans i t .  All 
gbs ilov mtes are meaeured and adjusted w i n g  a bubble f l o w  meter. 
exits fmpl this chamber via 3-way valve 3 and 2-vay valve 4 into a waste trap. 
The propane saturation process requires 30 minutes at a f low rate of 2.5 cc per 
second. 
vessel B t o  flow into the  saturation-stripping chamber ( E )  via l i n e  C u n t i l  it 
becares filled. 
s i m u l t a n c ~ l y ,  t o  s e d  t h e  saturation-stripping chamber. 
of projazie ‘uiijriidified hell-m is p s ~  tin- i i n e  C and valves 3 and 4 before 
sample collection begins. 

bubbles through a jacketed vessel ( B )  effecting saturation of the  electrolyte 

Excess propane 
’ 

Then 3-way valve 1 is turned t o  allow propane saturated electrolyte fran 

As soon 8s t h i s  is accomplished, 3-way valves 2 and 3 are closed 
To purge outer l ine  F 

Thirty minutes of helium purge is required t o  clear 

I 

! 
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l h m  F Of propane. To col lect  t h e  sample 2-way valves 4 and 5, 3-way valves 2 and 
3 and 2-Way valve 6 are turned t o  a l l o w  humidified helium t o  s t r i p  t i e  dissolved 
Propane fnm t h e  lob m l  chamber (E), the  gas flow through l i n e  F, valve 5, drying 
tubes of magmsirrm perchlorate, and valve 6 into a closed t e s t  tube containing 5 mls 
Of pvifitd toluene mintained at -80%. 
30 mlnutee. 
b w t  t o  roam temperature. 

Saturation run, 3-wsy a v e  2, and 2-way valve 7 are turned t o  allow the electrolyte- 
filled chamber (E) t o  w i n  t o  s ta r t ing  level of 84 ml .  

Stripping and collection of propane requires 
The test tube of toluene is then removed fm t h e  gas t r a i n ,  capped, and 

A 10 microli ter aliquot sample is removed and injected 
hypoacrmlc syringe into the  --liquid chromatograph. Before t h e  next propane 

I 

1 
1 

i 

'phe H e v & t t - F a c k a r d  gas chrcxmtograph Model v 5 O  used in t h i s  work is equipped 
w i t h  a Nosley Recorder and a DISC Integrator Model 229 t o  record and integrate peak 
area. Propane retention t i m e  is 0.4 minutes at  a co~umn temperature of 89% and a 
hellum carrier gas flaw rate of 20 cc per min. 
rirmte. TO cdUbrate the  grae chramtogmph 20 microli ter o f  pure propane gas was 
inJected wing a Barnilton --tight syringe. The number of integrator counts was 
rCcoldcd and used as a standard. 
is directly proportional t o  the area-volume ra t io  of the  sample the quantity of 
propme i n  the Bample was calculated. 

The chart speed was one inch per 

Since the r a t i o  of area t o  volume f o r  the standard 

The technique6 employed t o  obtain data on the  late of propane adsorption at a 
lpooth platinum electrode was a modified version of the multipulse potentio-dynamic 
(13pp) sequence with a l inear  anodic sweep (JAW) of 10 volts per second. 
a l lawe  mcaeur~ment of charge required t o  completely s t r i p  me propane adsorbed a t  the 
rfady potential at varioue t h e e .  
the MPP sequence in presence, f i r s t  of helium and then propene. 
wltb helium, C&, is subtracted fmm that in t h e  presence of propane, "p, t o  obtain 
t h e  daairpd charge difference AQ. 
ident ical  for both 

This sequence 

This is accomplished by subjecting t h e  anode t o  
The charge obtained 

'Phe duration of the study potential  s tep  was 
and ep *urpments. 

I n  these experiments t h e  molarity of the acid vas coneidered constant. 
t h i s  basis a series of results relat ing the mole fraction of dissolved propane t o  
temperature are shown (Fig. 2). 
appmJtimately the same solubi l i ty  within the  conditions of the experiment; thus, 
indicating that in t h i s  example ionic concentrations do not substantially interfere 
with the solubi l i ty  of p r o m e .  
tbat the quantity of dissolved gas does not vary with temperature between 200 and 

Using 

Both 0.5 and 1.0 molar sulfuric acid solutions have 

Another interest ing f ea tu re  concerningthis acid is 

6sOC. 

A o v e v e r ,  i n  exsmining the  solubi l i ty  data for the  other ac ids  one finds a 
slmllarl ty between the phenanena displayed in water as a function of temperature and 
that in perchloric, tr if luoroscetic,  and phosphoric acids. 
that at 65% the  solubi l i ty  of propane i n  all the acids and in  water is the  same 
quantity within the precision of the  experiments. 
in the  quantity of dissolved &as was observed. For example, at 4OoC an appreciable 
dif'ference hae been measured. 
Quantity i n  water while the amount in the acid solutions has some dependence on the 
character of the  acid. 
in which a nrurimum propane solubi l i ty  is observed. 
all the acid8 dried with the exception of sulf'uric. 
sesocisted with sulf'uric acid may account for t h i s  invariant behavior for propane 
solubi l i ty  a t  these tempemtws. 

In these data one finds 

A t  lover temperatures a difference 

At'2oOC t h e  propane gas is now adsorbed i n  the largest 

Figure 2 also illustrates the ananalous behavior7 of water 
Similar behavlor is displayed i n  

The degree of hydration 
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The solubility data once obtained can be used in maklng certain statements 

If semi-infinite linear diffusion is assumed, the 
concerning the initial pmcess of pmwe adsorption on a Bmooth platinum surface 
mcylurcd by linear (ulodlc sweep. 
rate of accumulation of charge is e v e n  by8 

!he e*ole lmvt their u s d  significance. Although it has been previously showng 
that the  overall oxidation of propane t o  carbon dioxide and water involves 20 elec 
it hss been determined that using la8 techniques n should be equal t o  17 electrons 
aince three hydmgen atam are lost upon adsorption at potentials equal t o  or  greater 
than 0.3 volts. 
we ay calcuLate f r a n t h e  lineag portions ff F i g s .  3 and 4 the  diffueivity of ropaae 
in qrcmric acid tld o . l ~ ( l 0 -  ~ m 2  sec- 
sec- . These calculations are in agreement with the approximate inverse relationship 
of diffusivi ty  and viscosity. In Fig. 5 one can see that the viscosity of perchloric 
is less that that of suvUric acid. 

IFne* 
Themfore, using the  ma~ured values of propane dissolved in solution 

i n  sulfuric acid as o . ~ ( l &  

Another interesting phenauenon which seen16 evident is the  change i n  slope (Fig. 4) 
M a function of potential in perchloric acid. 
at timas of one second and are in contrsst with the diffusion-limited process portrayed 
in s-c acid (Fig. 3) M a f’unction of potentid.  In  sulfuric acid the i n i t i a l  
adsorption is diffusion-controlled for appmxinmtely 60 seconds at 0.2 and 0.3 volts 
while daviations ftam l inear i ty  occur after 8 second6 at 0.4 volts. These times arc 
in gene- agreement with observations of Brume&o in concentmted phosphoric acid. 

Further consideration of the  dsta at anodic potentials of 0.3 and 0.4 volts is 
shown In Hg. 6 .  
can be described by 

These apparent deviations are observed 

Here, In t h e  perchloric acid anion enyirollplcnt propane adsorption 

Q = A  + Blogt 

in whlch gcharge per a?, tntlme, and A am3 B are paremeters which depend on t h e  
type of adeorption occurring. This relationship continues u n t i l  a time iwariant 
condition is achieved on the platinum surface. 
the  tvo scids has already been found not t o  be a function of t he  propsne concentration, 
other p8sibI.e erplamtions are considered. 

oxygen the electrochemleal folrmatian of ”0” type species from the electrolyte may 
pmced vla the mechaalsm 

Since t h i s  difference in behavior in 

It ha8 already been postulatedu that at potentiale less anodic than reversible 

This type of rsaction, of course, will proceed at an electrode surface at  
which the leset speclfic anion sdeorption OCCCUIII. Since, perchloric acid anions are 
less &orbed than suliate t h e  rate of fomution of the  partidly oxigenated species 
on platimam will proceed at a M e r  late due t o  t h e  concentlation of H20 at the 
interibce. 
presented by acme of the  authors.’ H e r e  it WEUS shown that the total propane adsorbate 

Evldence of decrcssed.perchloric anion adsorptim hae alresdy been 

1 
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va8 greater in perchloric acid indicating it has a lesser  degree of anion coveraCje. 
Since reaction (1) then occurs it is possible t h a t  at 0.3 volts in  very short times 
sane of the  adsorb& species may undergo t h i s  mechanism 

(3) ' C3H7-B + "Pt(OH),, - C$l7C-OH (slm) 

(4) 2Pt + C& C-OH - Pt C-OH + Pt QHS + 2H+ + 2e- 

Similar type m e c h a n l ~ m a ~ ' ~ ~  have been suggested, but 
Occurriw is nude more evident by t h e  work of Hunger." This postulated mechanism 
danonstlatee a curious position. 
canpetition of anions for act ive sites decresaes,-hence the degree of partial owgen- 
at ion O f  platinum increa6es. With t h i s  condition, 0-type hydrocarbon speciee are 
formcd and the  carbon-carbon bonds are more easily broken. 
available sites decreaaes and t h e  rate of fur ther  deposition becomes adsorption- 
contml&xl at these l o w  anodic patent1a.h. I n  contrast, t he  diffusion controlled 
occhanitnn in sulfuric acid may indicate the  lack of surfsce reactions and subsequent 
increase in surface coverage due t o  the  f o m t i o n  of free radicals and oxygenated 
species or iglmting fmm p 
the  adsorption of m e t h a n o l ~ ~  mially oxygenated caupound, also fol low an 
adsorption isotherm. 

he possibil i ty of reaction (1) 

For in perchloric acid as compared t o  sulfur ic  the 

Therefore, t h e  amount of 

e at the potentials studied. Interestingly enough, 

The solubi l i ty  of propane s n  t o  be about the  same in the  electrolytes 
studied. 
conditions at the platinum anode. 
sld the mte of partial oxidation of the  platinum surface seem t o  be interrelated 
factore which dlctate the i n i t i a l  mechaniem of propane adsorption. 

Thus, the  initial mte of propane adeorption is influenced by Burface 
The tendency of the  anion t o  specif ical ly  &orb 
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